Most studies of visual neglect report that the condition is more frequent and more severe after right than left hemisphere lesions. ' 2"This asymmetry has led to several hypotheses about hemispheric specialisation for perceptuoattentional processes.
Kinsbourne3 has argued that activational imbalance produced by a hemispheric lesion determines the directional vector that controls attentional orientating. Central to Kinsbourne's model is the assumption of two mutually antagonistic vectors which direct attention to opposite sides of space; selective arousal of each hemisphere thus results in enhanced attention to contralateral space. Left hemisphere disinhibition after right hemisphere damage leaves the strong rightward orienting tendency of the intact hemisphere unopposed and results in left sided neglect. Left sided bias after lesions of the left hemisphere is inherently weaker and consequently leads to a directional neglect of lesser severity. 4 A related hypothesis proposes that the right hemisphere is dominant for the deployment of attention to all spatial locales; "attentional neurons" in the right cerebral hemisphere have bilateral receptive fields while those in the left hemisphere are exclusively concerned with contralateral space. 6 Consequently, damage to the right hemisphere should result not only in contralesional neglect but also some degree of neglect for ipsilateral space;69 the left hemisphere requires assistance from the right hemisphere to attend fully to right sided space. By contrast, damage to the left hemisphere should result in relatively mild contralesional neglect. 9 Recently, Gainotti et al'0 questioned this position. They suggest, as did Albert," that ipsilateral omissions on visual search tasks after right hemisphere damage result from a generalised lowering of attention; as such they are not theoretically related to omissions on the contralesional side of space.
Other studies of neglect have reported a qualitative difference in performance after left and right brain damage.'2 '3 Gainotti et al '4 maintain that visual neglect after right hemisphere damage is characterised by an inability to extract information from the left half of a visual stimulus during single fixations. By contrast, conscious scanning in visual search tasks that involve the full exploration of extrapersonal space is, they claim, equally impaired after right or left hemisphere lesions. Gainotti et al"6 employed a task that required explicit saccadic eye movements; patients searched for pictures of animals within a complex visual array. No significant difference was found between the total number of patients with left and right brain damage who showed contralesional neglect on this task. However, when the same patients carried out a task which required the extraction of information from single fixations (an overlapping figures task), the right hemisphere patients were significantly more impaired than the left hemisphere patients.
This equivalence in performance between left and right brain damaged patients on visual search tasks described by Gainotti et al '6 has not always been found. Indeed, most studies report that right brain damaged patients omit significantly more targets than left brain damaged patients on tasks that require explicit scanning.9 17 8 Furthermore, a study of 91 right brain damaged patients and 40 nonaphasic left brain damaged patients by Egelko et al'9 used a task which required the analysis of lateralised fine details during fixations and found that this type of deficit was not unique to right brain damaged patients. An examination of the test materials and response modes used in these studies suggests reasons for the difference in results. Unlike the study of Egelko et al, which required a verbal response, the study of Visuo-spatinl neglect: qualitati differences and laterality of cerebral lesion 
Analysis of Total Omissions
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Spatial Location of Omissions
The raw data for the two patient groups can also be described in terms of the mean omissions across the six columns of the SCT.
To examine individual variability within the two clinical groups, each patient's columnar position (CP) score as a percentage of the total number of targets per colunm was calculated (tables 4 and 5).
Assuming an interval scale of measurement, the performance of the RBD group (table 4) has a distinctive linear presentation. The mean (SD) fall-off from column to column (right to left) is 11-6% (3 8). The mean within subject correlation between columns and omissions is r = -0-69 (p < 0-01).
By contrast, the performance of the LBD group (table 5) Tables 4 and 5 show that the performance of individual patients across columns is characterised by a series of plateaux and jumps ranging from 0 to 100% omissions. If the position of each patient's maximum positive discontinuity is plotted as a function of the pair of columns between which that gap is found, it can be seen that the magnitude of visual neglect is not intrinsically linked to the midsagittal plane. 27 The Number of ipsilesional and contralesional omissions on the SCT In the sample of Gainotti et al,4' 34 ofthe RBD patients (33%) showed contralesional and 24 (23%) ipsilesional inattention. In their LBD sample, six patients (5%) showed contralesional and 19 (15%) ipsilesional inattention. Post hoc comparisons revealed that contralesional omissions were significantly greater after right than left brain damage. No difference was found between the two groups for ipsilesional omissions.
To investigate this association between ipsilesional and contralesional omissions, Gainotti et all 15 point out that it is useful to restrict analysis to the lateral extents of the test stimulus so as to avoid misclassifying contralesional omissions that may extend beyond the patient's sagittal midline. Accordingly, our analysis considered only those omissions lying in the outer columns of the SCT, that is, columns one and two (left) and five and six (right). The data were submitted to a two-way (repeated) ANOVA with two main factors: (a) hemispheric side of lesion (RBD/LBD), and (b) side of SCT page (ipsilateral/contralateral). The mean number of omissions from the respective contralesional and ipsilesional sides of the test sheet were calculated and are shown together with the results of the ANOVA in table 6 .
There are significant effects for both main factors and their interaction. Post-hoc comparisons showed that: (a) contralesional omissions were significantly greater in RBD than in LBD patients; (b) no significant difference was observed between the two groups in ipsilesional space; (c) within the RBD group, omissions on the contralesional side were significantly greater than those on the ipsilesional side; (d) within the LBD group, there was no significant difference between contralesional and ipsilesional omissions.
In addition to comparing the overall numbers of contralesional and ipsilesional omissions, their relative proportions in individual patients must be calculated. The assumption is that most RBD patients will show an error bias to the left and the LBD an error bias to the right. Gainotti et al' found that of 43 RBD patients classified as showing inattention, 19 (44%) showed only contralesional omissions, 15 (35%) showed both contralesional and ipsilesional and nine (21%) patients showed ipsilesional omissions only. Although complete data were not supplied for the LBD patients it is likely that these patients could also be divided into similar groups.
To obtain a measure of lateral bias, a ratio index was calculated using a method described by Friedman bias; scores of mental deterioration may result in diminished valyes between attentional resources in both left and right extent of right brain damaged patients.30 Diffuse attentional BD group, four impairment might therefore be expected to showed more augment existing contralesional neglect, and in Ratio scores for addition, produce omissions on the ipsilesional d in table 3. side of space which are unrelated to those be divided into errors in contralesional space. To check this nal" subgroups. hypothesis we examined the relationship score fell below between RBD omissions and the values on iot also show a three other relevant variables; age, mental deterioration (Hodkinson Mental Scale), and extent of functional disability (Barthel Index). 
measure of widespread mental deterioration) and performance on the Barthel Index (which reflects the overall severity of a patient's disability and by inference the extent of their stroke). Ipsilesional omissions are only significantly related to performance on the Hodkinson Test. Age did not correlate with the position of omissions on either side. In the LBD group, performance on the Barthel only was significantly related to contralesional omissions. Ipsilesional omissions did not relate to any of the non-specific variables.
These results favour the hypothesis put forward by Gainotti et To establish the incidence of motor impairment in our sample (n = 190), left and right hand performance on the NHPT was examined for all left (n = 98) and right (n = 92) brain damaged patients. The criterion used to establish the extent of motor impairment was the difference score in seconds between ipsilesional and contralesional hand performance. Converted to standardised scores, the values were then divided into hand difference scores within and beyond one standard deviation. Only twenty three patients (12%) had difference scores beyond one standard deviation (>24 sec difference). These comprised 13 RBD (14%) and 10 (10%) LBD patients. Thus, 88% of the sample had interhand differences on the NHPT of less than 24 seconds. The mean (SD) score for both hands in this "no-difference" group was 18-4 seconds (= 5 8), well within the normal range for this age group32 33 and is probably due to the fact that most of the patients were seen several years after their stroke.
Performance within the attentionally impaired groups was then examined. In the LBD group, none of the 12 patients had a difference score greater than one standard deviation. In the RBD group ten of the 14 patients (71 %) had difference score values greater than the criterion. Differential intrahemispheric loci of lesions must account for this discrepancy between the groups; contralesional neglect appears to be strongly associated with contralesional motor impairment in our RBD sample.
Discussion
The "modal" model of the differential attentional capacity of the cerebral hemispheres, reviewed by Bisiach and Vallar,34 has the following structure. The right hemisphere is dominant for spatial attention in that it makes a larger overall contribution to the neural representation of egocentric space; it is capable of directing attention to any part of egocentric space, and has a slight bias towards contralateral space. The left hemisphere makes a smaller overall contribution, but is strongly biased towards contralateral space; at extreme right positions the left hemisphere takes precedence over the right and deploys greater attentional resources to those positions than does the right.
With a few qualifications, this "modal model" gives a reasonable fit to our data. The performance of the group with right hemisphere damage is (relatively) unproblematic. The patients show a strong linear relationship between omission rate and the lateral position of the targets. Omission errors increase from right to left positions, as predicted by a model in which performance is determined by the intrinsic attentional structure of the (unimpaired) left hemisphere. However, the slope of attentional "fall-off" in this group is probably overdetermined.
In addition to reflecting the "resting state" slope of left hemisphere attentional capacity, two other factors may serve to increase the slope yet further. First, the fact that all these patients used their right hand to perform the task will serve to activate the (undamaged) left hemisphere more than the (damaged) right hemisphere.3 35 36 This differential activation should itself magnify the intrinsic pattern of left hemisphere performance. Second, the use of the right hand acts as an intrinsic spatial cue to the right edge of the stimulus sheet. This spatio-motor cueing is another crucial aspect of task performance37 and provides an additional source for the right to left error gradient. Finally, an explicitly "hypokinetic/motor neglect" component38 may also play a role in modulating the final performance on the task.
The importance of these components ("activation" of the hemisphere that controls the hand used, and spatio-motor cueing by that hand) becomes critical when considering the performance of the group with left hemisphere damage. Iike the patients with right hemisphere damage, these subjects also performed the task with their right hands; the extent (see table 3 ); two scans were negative, one showed frontal damage, and one showed damage to the internal capsule.
The remaining subgroup of patients with left hemisphere damage (n = 8) shows a linear trend (that just fails to reach significance) in the direction predicted by the "modal model". They make minimal omissions on the left-most column of the task and maximal omissions on the rightmost column (see fig 4) .The normal bias of the (undamaged) right hemisphere is thus operative in these patients. Nonetheless, the fact that the regression fails to reach an acceptable level of significance is revealing. These patients also used their right hands to perform the task. It may well be that the cueing and activation effects that arise from hand use have attenuated (but not abolished) the attentional bias of the right hemisphere. Half of these patients have CT scan evidence of damage to either temporal or parietal areas.
In conclusion, the "modal model" can (to a first approximation) accommodate most of our results. However, many theoretical models have not paid sufficient attention to the contribution of motor variables and visual field deficits to neglect performance. Although our previous studies39 suggest that visual field cuts do not exacerbate neglect, we cannot rule out the possibility that in this study some of the performance differences between right and left brain damage patients were due in part to their visual field deficits; these defects were confined to the right hemisphere group. With respect to motor variables, Rizzolatti40 and Joanette and Brouchon35 have highlighted the need to consider the initiation and elaboration of motor response in explaining neglect. The effects due to hand-use in particular36 41 appear quite large and need to be taken into account in more detailed models of attentional asymmetries.
In retrospect, we realise that all patients in our sample who could have used both their hands to perform the cancellation task should have been asked to do so. That sample would include all 12 patients with left hemisphere damage, and at least four out of the 14 patients with right hemisphere damage. We had not anticipated that so many patients would be free of hemiplegia. Future studies of visual neglect assessed by motor response must explore the empirical and theoretical consequences of implicit cueing and of the fact that manual responses may in themselves be inherent determinants of attentional deployment. 
